Context. With the recent launch of the Hinode satellite our view of the nature and evolution of quiet-Sun regions has been improved. In light of the new high resolution observations, we revisit the study of the quiet Sun's topological nature.
Introduction
The quiet-Sun magnetic field, the so-called magnetic carpet (Title & Schrijver, 1998) , is thought to be divided into two main parts: closed field lines and open field lines (see e.g. Gabriel, 1976) . The closed field lines are low-lying intertwined field lines responsible for the complexity of the field. In
Send offprint requests to: S. Régnier particular, Close et al. (2003) revealed that 50% of the magnetic flux in the quiet-Sun atmosphere is closed down within 2.5 Mm above the solar surface, with almost 5-10% extending to 25 Mm above the solar surface. It is assumed that this complexity, in addition to the fast recycling of the magnetic flux (Hagenaar et al., 2003; Close et al., 2005) , is responsible for nano-and microflares that contribute to coronal heating (Parnell, 2002) . Thus, understanding the complex topology of the quiet-Sun magnetic field is key to understanding the coronal heating problem.
As known from decades of observations, the quiet-Sun magnetic field can be depicted by a large number of positive and negative sources. The source motions are characterized by emergence, coalescence, fragmentation and cancellation of magnetic polarities. These motions increase the complexity of the field. In order to analyse the complexity of the magnetic field, we study the existence and distribution of null points above an observed region of the quiet Sun. Even though null points are not the only relevant topological element in a magnetic configuration, they are a good proxy for the complexity of the field and for the existence of magnetic reconnection. Previous studies (Schrijver & Title, 2002; Longcope et al., 2003; Close et al., 2004) have tackled this topic with different approaches. Schrijver & Title (2002, hereafter ST02) modelled the quiet-Sun photosphere by point charges randomly distributed with a balanced magnetic flux. They also compared these with TRACE EUV images (Handy et al., 1999) and SOHO/MDI line-of-sight magnetograms (Scherrer et al., 1995) . The coronal magnetic field was then defined analytically under the potential field assumption (i.e. no current present in the configuration) as detailed in Longcope (1996) . These authors found that in the coronal volume there was approximately one null point per charge with 9% of the null points located in the corona (indicating that 91% of null points are photospheric null points). In the point charge approach used by ST02 the bottom boundary layer has a zero vertical component of the magnetic field everywhere except at each point charge. This assumption leads to many null points at the base. Their comparison with TRACE images showed that there is no link between the EUV brightenings and the number of null points, except for one location in their example. Longcope et al. (2003, hereafter LBP03) extended this study by producing a theory to determine the density of null points in random potential magnetic fields anchored in the photosphere.
They tested their theory using a point charge approach and permitted an imbalance of flux thus producing open field lines. The authors found similar results to ST02 for the density of null points in the corona (above the photosphere). In addition LBP03 showed that the density of null points depends on how the sources are distributed in the photosphere and on the degree of imbalance of flux in the region. It is briefly mentioned in LBP03 that most of the photospheric null points are an artefact of the method used (no vertical field outside sources) and are proportional to the number of sources used in the realisation. In addition to simulated quiet-Sun data, Close et al. (2004, hereafter CPP04) used a SOHO/MDI photospheric magnetogram to study the complexity of the field. They converted the observed magnetogram into an array of point charges using a clumping approach to define the location and flux of the sources. In a large field-of-view of 240 ′′ ×240 ′′ , they found only 286 sources and a null point density of 0.038 in the corona (above the boundary).
In this Letter, we derive the null point density from a potential field extrapolation of a photospheric magnetogram obtained by Hinode/SOT. However, instead of assuming a point charge model, we consider a continuous magnetic field through the base. We compare our results with the statistical modeling of the quiet Sun by ST02, LBP03 and CPP04.
Observation and model

Hinode/SOT data
We use a line-of-sight magnetogram derived from the observed Stokes parameters I and V by the NFI (Narrowband Filter Imager) of the Hinode/SOT (Solar Optical Telescope, Tsuneta 2007).
The observation was recorded on June 24, 2007 at 22:09 UT, and views a region slightly off the disc center. The NaI D1 resonance line at 5896 Å is used. Although the core of the line (< ±70 mÅ) comes from chromospheric radiation (see e.g., Bruls et al., 1992) 
Potential field model
Assuming that the coronal magnetic field is essentially in equilibrium, neglecting the gas pressure and gravity forces, as well as the currents flowing along field lines, we obtain the potential field assumption satisfying ∇ ∧ B = 0. The potential field corresponds to the minimum energy state. Potential field extrapolation methods require only the vertical (resp. radial) magnetic field component in Cartesian geometry (resp. spherical geometry) at the bottom boundary layer (e.g. Schmidt, 1964; Semel & Rayrole, 1968) . This is a well-posed boundary value problem giving a unique solution for prescribed boundary conditions on all boundaries. In the past, several types of field distributions have been used as the base boundary condition: (i) the point charge method which permits an analytical expression for the coronal field to be derived assuming that each magnetic fragment is reduced to a single point (e.g., Longcope, 1996) , (ii) the discrete source method for which the polarities have a finite width but there is no field outside, (iii) the continuous field method where the observed magnetic field is discretised and then extrapolated numerically within a finite box. We here apply the last method using the Hinode/SOT data detailed in the previous Section as a bottom boundary condition (defined on a smaller grid of 292×336 pixels due to computational limitations). As the magnetic flux is not balanced, we impose open boundary conditions on the sides and top of the box allowing field lines to enter or leave the box. Due to the assumed high complexity of the quiet-Sun field near the photosphere, we use a stretched grid in the vertical direction with a finer grid near the photosphere.
Null point finder
A classical method to find null points in a field configuration is based on the computation of the Poincaré index (Greene, 1992) . Unfortunately the method fails for weakly and strongly nonlinear fields (Haynes & Parnell, 2007) . Recently, a more reliable and stable method for linear and moderately nonlinear fields has been developed: the trilinear method (Haynes & Parnell, 2007) . By comparison to Greene's method, the trilinear method is more appropriate for numerical fields whilst Greene's method is only really suitable for analytical fields where any grid can be easily made finer if the method fails. The trilinear method has been successfully applied to different numerical experiments (Haynes & Parnell, 2007) . In order to apply this method, the considered vector field has to be linear or moderately nonlinear within a cell. Here we have had to use a stretched grid in the z direction with smaller grid spacing near the photosphere to ensure that the complexity of the field is well resolved in the low atmosphere.
Discussion and conclusions
We extrapolate the coronal field under the potential field assumption from the photospheric line-ofsight component provided by Hinode/SOT data (Fig. 1) . Then we look for null points in the three dimensional magnetic configuration using the trilinear method.
In Fig. 2 , we plot the spatial distribution of the null points in the xy-plane (parallel to the photospheric plane). We find 80 null points distributed in height from the bottom boundary to about 5 Mm above which no null points are found. None of the null points lie exactly on the We now assume a typical solar atmosphere: the photosphere from 0 to 1 Mm, the chromosphere from 1 to 3.5 Mm, and then the corona. This atmosphere is depicted in Fig. 3 left by the horizontal solid lines. We assume that the height of formation of the NaI D1 line provided by SOT/NFI is at the base of photosphere. Under these assumptions, we find:
-43 null points (54%) in the photosphere;
-35 null points (44%) in the chromosphere;
-2 null points (2%) in the corona.
As shown in Fig. 3 right, there is a uniform distribution of null points below 2 Mm (approximately 70-95% of the characteristic source separation) whilst the distribution of all atmospheric null points is well fitted by an exponential distribution with a characteristic length of 1.04 Mm which is about half of the source separation as in ST02. and the uniform fit for the photospheric and chromospheric null points (dashed curve).
We define the density of null points as the ratio of the number of the null points to magnetic fragments in order to compare our results with ST02, LBP03 and CPP04. To derive this quantity, we need to determine the number of magnetic fragments in the quiet-Sun region. There are several methods to identify the fragments as reviewed by DeForest et al. (2007) . For comparison, we only use two methods: the clumping approach and the peak approach. Following Parnell et al. (2008) , there are more than one thousand contiguous magnetic flux fragments assuming a threshold of 18 G in the observed quiet-Sun region using the clumping approach, giving a density of null points less than 7.5% (1063 fragments). The peak approach with a threshold of 18 G gives 2680 fragments leading to a density of null points of 3%.
The results obtained here from the extrapolation of a continuous photospheric distribution may be compared to those found using the point charge method of simulated data used by ST02, LBP03
and CPP04 (not reported here). The estimated densities of null points are summarised in Table 1 .
With the point charge method used by ST02, the density of null points on the photosphere (bottom boundary layer) is about one null point per charge, and 9% of null points in the corona (above the bottom boundary). In LBP03, it is not possible to derive the density of null points on the bottom layer due to the definition of the random distribution of point charge sources although there will be many, but the density in the corona is between 7-9% Clearly the density of null points estimated using the point charge approach and the estimate made using magnetic fragments determined from the clumping identification method in a continuous field can be reconciled by simply removing the base boundary layer from consideration. If this is done, the density of null points in the solar atmosphere (photosphere + chromosphere + corona) is about 7-9%. Nevertheless if the number of sources is derived from the peak method, then the density of null points is much less (3%), which is comparable to the density obtained with observed magnetogram by CPP04. Note that compared to our study with the peak approach, CPP04 used a field-of-view five times larger but involving 10 times fewer sources. Clearly, the comparison of the clumping results from this work and CPP04s results suggests that the spatial density of null points may also vary with resolution. This will be investigated in detail in a subsequent paper. This suggests that the density of null points is not an appropriate quantity to describe the complexity of an observed quiet-Sun region as it relies on a magnetic field model and a definition of magnetic fragments. As pointed out by ST02, the topology of the quiet Sun is important in understanding the possible heating mechanisms of the corona. By comparing EUV images and photospheric magnetograms, ST02 showed that there is no correlation between the coronal EUV brightenings (from the FeXII line at 195Å) and the location of null points, with the exception of one point. From our study, we see that only 2 null points are in the corona and are potentially observable in such a hot corona.
Most of the null points should be observable in the chromosphere. The complexity of the chromosphere was recently highlighted by the CaII images from Hinode/SOT (see e.g., De Pontieu et al., 2007) . Due to the low spatial density of null points in the corona, the heating of the corona by magnetic reconnection at null points located in the corona can then be excluded. Nevertheless reconnection can occur at different locations with (e.g., separators, separatrix surfaces) or without (e.g., hyperbolic flux tubes) null points.
In a forthcoming paper, we will develop the study of the topology of the quiet-Sun field by looking at the connectivity of field lines, the stability and nature of null points and their time evolution. This study is important to understand the dynamic behaviour of heating in a complex topology.
